Highlight: Prior to the recent increases in nitrogen prices krtilization of a Utah mountain loam range site was found to be profitable when increased forage was harvested as grass hay, However, that evaluation was based only on forage response during the initial growing season. We have since observed significant carry-over response during the second and third years following fertilizer application. At the original nitrogen and hay prices studied, incorporation of carry-over into the economic analysis increased both optimum application rates and per acre profits from fertilization. 'Fertilization was found even more profitable at current nitrogen and grass hay prices. Insufficient data were available to determine optimum reapplication schedules, although intuitive indications favor reapplication every 2 years for sites showing profitable initial and second year carry-over response. Spring application proved superior to fall application on both sites.
Prior to the recent dramatic increases in ammonium nitrate prices, nitrogen fertilization was shown to be a profitable practice for a Utah mountain loam range site (Workman and Quigley 1974) . When forage was harvested as hay, application of nitrogen at the optimum rates of 127 lb N per acre for fall application and 144 lb per acre for spring application yielded additional per-acre profits of $3.09 and $5.52, respectively. When increased yields were harvested directly by livestock as leased forage, nitrogen application was not profitable. In both cases, however, the analyses were based on forage response during only the initial growing season following application. From 1972 to 1974 the study was continued to determine carry-over forage production response during the second, third, and fourth growing seasons following application so that any significant carry-over response could be included in the economic analysis of range fertilization.
Site Description
Range sites studied included a mountain loam site and a semidesert loam site. The mountain loam site is situated at a 4,800-ft elevation about 0.5 mile west of Paradise, Utah. The soil is a silt loam and the vegetation is primarily seeded intermediate wheatgrass (Agropyron intermedium). Annual precipitation averages 16 inches, most of which Authors are associate professor of range economics, Department of Range Science, Utah State University; Lake County Extension Agent, and assistant professor, Oregon State University.
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is received during the winter. The area is normally grazed by cattle in both spring and fall. The semidesert loam site is located 11 miles north of Snowville, Utah at an elevation of 4,800 feet, and supports a pure stand of crested wheatgrass (Agropyron cristatum). The soil is a silt loam and average annual precipitation is 11 inches. The area is grazed by cattle on a rotational basis from April through December.
Methods
Six rates of ammonium nitrate were applied to each site during spring and fall on 10 ft X 15 ft-subplots. The statistical design consisted of three replications of each application rate and season arranged in a randomized block. Application rates were 0,25,50, 100,200, and 400 lb N/acre on the mountain loam site and 0, 12.5,25,50, 100, and 200 lb N/acre on the semidesert loam site. Spring applications took place in 1971 on both sites. A fall application was made during 1970 on the mountain loam site and during 1972 on the semidesert loam site.
Beginning in 1971, each subplot was clipped at the end of the growing season and the harvested forage weighed to determine total air-dry forage production for the initial second, third, and fourth growing season following fertilizer application. Production equations for forage as a function of nitrogen application were estimated by stepwise regression analysis. Independent variables that showed t-test significance 1 90% were retained in the predictive equations. Statistically significant carry-over production functions were discounted back to year of initial application at the current cost of borrowed operating capital (10%) and added to the original forage production functions to form aggregate production functions (Baum et al. 1956 ). Standard marginal analysis was employed to determine optimum fertilizer rates (Heady and Pezek 1954) . Fertilizer application and forage harvest costs employed in the analysis of the initial growing season production function followed Doane's Agricultural Report ( 1972) , while fertilizer and hay prices came from Christensen and Richards ( 1969) .
Results and Discussion

Biological Response
The production function tested by stepwise multiple regression analysis for both forage production response during the initial growing season following application and carry-over response during subsequent growing seasons was: Y=a+bN+c@ where Y = pounds air dry forage per acre and N = pounds nitrogen applied per acre. Statistically significant production functions for initial and carry-over forage response to nitrogen .67 Insignificant fertilization appear in Table 1 . Carry-over response on the mountain loam site was as might have been expected. Results on the semidesert loam site, however, are more difficult to explain. The absence of second-year carry-over response during 1972 followed by significant carry-over in 1973 can probably be attributed to 1972 being a dry year. Only 8.6 inches of predipitation were received as compared to the average of 11 inches.
Optimum Application RatesInitial Growing Season
Based on production functions for the initial growing season and prices employed in the original study (Workman and Quigley 1974) , standard marginal analysis (Heady and Pezek 1954) was used to determine the most profitable nitrogen application rates. For the fall application on the mountain loam site, for example, the nitrogen application rate that would maximize per-acre profit was found by equating dY -= 26.46 -.0784N dN with the ratio of nitrogen price to the net price of forage
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Nitrogen price was based on the 197 1 price of $82.08 per ton for 34% ammonium nitrate. Forage price represents the 1971 net price of hay after subtracting the variable costs of baling and hauling. Solving for N, we obtain 127 lb N per acre. Optimum application rates for both sites and both application seasons are shown in Table 2 , along with calculated per-acre profit at the optimum application rate as compared to per-acre profit without fertilizer. Profit at the optimum application rate was calculated by substituting 127 lb N into the initial production function, valuing the resulting 5,243 lb forage per acre at $.0073 per pound and subtracting the fixed application cost of $1.50 per acre, fixed hay swathing costs of $3.50 per acre, and the variable nitrogen costs of $15.33 per acre (.1207/lb x 127 lb N). The result was an estimated per-acre profit of $17.95. Peracre profit without fertilizer amounted to 2,5 15 lb forage per acre valued at $.0073 per pound minus fixed hay swathing costs of $3.50 per acre, or $14.86 per acre. Thus, the additional peracre profit obtained from nitrogen fertilization was $3.09. Fertilization increased the calculated per acre profit on the mountain loam site but was not economically feasible on the semidesert loam site. Although 7 lb N per acre is the recommended rate of fertilization if nitrogen is to be applied, fertilization of the semidesert loam site proved impractical since the value of the added forage production would not pay the fixed application costs.
Spring application on the mountain loam site provided more added profit per acre than did fall fertilization (Table 2) due to higher forage response per pound of N applied (Table 1) . Forage response per pound of N was also greater with spring than with fall application on the semidesert loam site. In both cases the smaller response to fall application was probably due to nitrogen losses by leaching or volatilization during the 5-month period between application and spring growth.
Forage Carry-Over Response
Both sites exhibited statistically significant carry-over responses during their second or third growth seasons following fertilization (Table 1) . Accurate determinations, then, of optimum fertilization rates and of expected additional per-acre profit due to applying those rates, must include carry-over responses. Such inclusion involves discounting carry-over responses at the current cost of borrowed operating capital, lo%, back to the initial growing season following application and then summing the discounted carry-over function and the original forage response function to form an aggregate production function (Baum et al. 1956 ). Using the mountain loam site fall application response as an example, the second year carryover response function is Y = 2,516 + 6.05N.
Discounting the added forage production (6.05N only since the intercept term, 2,516, represents forage yield without fertilization) for 1 year at lo%, we obtained 5. and solving for N, we obtained a revised optimum application rate of 195 lb N per acre. Substituting the optimum application rate into the aggregate production function and using the prices and costs listed above for forage, ammonium nitrate, fertilizer application, and hay swathing indicated a $24.44 per-acre profit at the revised optimum (Table 3) , as compared to $17.95 for the initial growing season optimum (Table 2 ). An even more important comparison is between the $9.58 added profit per acre due to fertilizer ($24.444 14.96) when carry-over response was included and the $3.09 added profit per acre when the analysis was based on initial growing season response alone (Table 2) . Revised optima and per-acre profitability are shown in Table 3 . In all cases both optimum application rate and added profit per acre due to fertilization were increased by inclusion of carryover response. Economic analyses of range fertilization that do not include forage response during growing seasons subsequent to initial fertilizer application underestimate application rate optima and also understate fertilization profitability. With carry-over response included in the analysis, spring application on the mountain loam site showed an even more striking advantage by providing an increased per-acre profit of $14.3 1 versus $9.58 per acre increased profit with fall application (Table 3) . doubling in both number of sample plots and number of growing Seasons studied. Key comparisons underlying fertilizer reapplication decisions when data for both (1) and (2) are available are shown in Table 5 . 
Our calculations
showed nitrogen fertilization to remain unprofitable when increased production was valued at $6 per AUM (U. S. Dep. Agr. 1976) as leased forage to be used directly by livestock.
Optimum application rates and per-acre profits at current prices (Table 4) were calculated using $17 1 per ton of 34% N ammonium nitrate ($.2525/1b N), $31 per ton of hay or $.0155 per lb (net price based on a market price of $45 per ton of grass hay minus $9 per ton for baling minus $5 per ton for hauling), swathing costs of $5 per acre and fertilizer application costs of $2 per acre (Utah Agricultural Statistics 1976). When increased production was valued as harvested hay, fertilization of both sites studied was more profitable at current than at original prices studied (Table 4 ). This is due to the increased net price of grass hay which compensated for the recent sharp increase in ammonium nitrate prices. Initialyear(1971) Second year ( The 1971 decision represents the most simple case. The site in question has either not been fertilized previously or, if prior application has taken place, carry-over response is no longer present. The decision as to whether or not to apply fertilizer would be based simply on a comparison of net returns to initial and discounted 1972 carry-over response from the 197 1 application versus 197 1 net return in the absence of fertilizer application.
Spring application again proved superior to fall application on both sites. Comparison of Tables 3 and 4 reveals that although calculated per acre profits from fertilization are much higher at current than at the original prices studied, optimum application rates are almost identical.
Optimum Reapplication Schedule
Determination of optimum reapplication schedules for sites showing profitable initial and second year carry-over responses to fertilization requires the following information: (1) initial and second year carry-over response to fertilizer application when the site has not been fertilized previously or when there is no carry-over response still present from previous applications, and (2) initial and second year carry-over response when second year carry-over response from application during the previous year is still present. Our study provides the necessary data for (1) but not for (2), which would have necessitated a Provided that fertilization was found to be profitable and application was made in 197 1, the 1972 reapplication decision would be more complex. In this case the net return of 1972 second year carry-over response from the 197 1 application plus the discounted net return during 1973 (when not fertilized and with no significant third year carry-over) would be compared to net return to 1972 initial response from 1972 reapplication plus the discounted net return to 1973 second year carry-over from 1972 reapplication plus the net return to 1972 second year carry-over response from the 197 1 application.
If no fertilizer were applied in 1972, the 1973 reapplication decision would be identical to that described for the original application decision of 197 1. In the absence of significant carryover from the 197 1 application, the 1973 decision would be between the sum of net return to 1973 initial and discounted 1974 second year carry-over response to 1973 reapplication compared to net return in 1973 in the absence of fertilizer.
Our study did not provide sufficient data to make the comparisons outlined in Table 5 . Since forage production response to reapplication in the presence of carry-over from a previous application is an unknown, the optimum reapplication schedule could not be calculated. Due to the quadratic nature ("law of diminishing returns") of the production functions estimated for the initial growing season after application, reapplication would undoubtedly have provided less added forage production than resulted from our initial application. While the diminished response cannot be quantified with the data available, the near certainty that response to reapplication would have been less than response to our initial application leads to an intuitive comment concerning determination of an optimum reapplication schedule. It appears that on sites that show profitable response to fertilization for both the initial growing season and second year carry-over, the optimum reapplication schedule is every 2 years.
Summary and Conclusions
Two Utah range sites that responded significantly to nitrogen application during the initial 1971 growing season also exhibited significant second or third year carry-over responses. At the original hay and nitrogen prices studied, incorporation of carry-over into the analysis increased both optimum application rates and per-acre profitability from range fertilization. Economic studies that do not include carry-over response underestimate optimum fertilizer rates and also understate profitability.
Although ammonium nitrate recently increased from the $82 per ton price tested originally to the current price of $17 1 per ton, the net price of grass hay has gone from $14.69 per ton to $3 1. As a result, nitrogen fertilization of the mountain loam site for the purpose of increasing grass hay production is even more profitable now than when originally evaluated. At the current Utah price of $6 per AUM, however, fertilization of tangeland to be harvested as leased forage remains unprofitable. Determination of optimum fertilizer reapplication schedules requires data concerning initial and carry-over responses to nitrogen in the absence of previous fertilizer application as well a measure of initial and carry-over responses in the presence of carry-over from previous fertilization. Although our experiment did not provide the latter data, intuitive indications favor reapplication every 2 years for sites showing profitable initial and second year carry-over response.
Literature Cited
